ABSTRACT
INTRODUCTION
Although central venous catheters (CVC) are important for the management of critical patients, they are not without risks. CVC-associated infections (CVC-AI) are important health care-associated infections in pediatric intensive care units (PICU), with a relevant impact on morbidity and mortality, also increasing hospital costs. [1] [2] [3] [4] [5] [6] [7] [8] [9] It has been estimated that infections occur in 3% to 15% of all nontunneled inserted CVCs. 4, [10] [11] [12] In 2003, CVC-associated bloodstream infections (CVC-ABSI) were the most important nosocomial infection in our hospital, with a substantial incidence density rate (2.7 BSI per 1,000 venous central catheter-days), higher than that observed in the literature. Studies performed in adult intensive care units (ICU) have shown an important decrease in CVC-ABSI rates ater educational intervention. However, little is known about pediatric settings. [13] [14] [15] [16] Given the importance of CVC-AI in PICU, the elevated rates in our PICU and the lack of literature relevant to this speciic population, we initiated this study with the purpose of determining the impact of an educational program aiming at decreasing CVC-AI in a PICU of a developing country. 
METHODS

Setting
Data collection
Surveillance of nosocomial infection was based on the National Nosocomial Infection Surveillance System (NNISS), used in the unit since 2000, and was overseen by an infectious diseases pediatrician, who visited the unit daily during the study period.
Description of the intervention
The intervention period was implemented over a twomonth period and consisted of reviewing and updating unit policies and procedures concerning the insertion and maintenance of nontunneled CVC, based on Centers for Disease Control and Prevention (CDC)/Healthcare Infection Control Practices Advisory Committee (HIPAC) recommendations. 17, 18 Didactic lectures, totaling 6 hours, were given to physicians, fellows and nursing staff of the unit using a slide show. The most important messages were: (I) catheters should be inserted using maximal barrier recommendations; (II) all inserted catheters should be removed as soon as possible; (III) hub connection disinfection with 70% alcohol before and after manipulation; (IV) site insertion CVC should be protected with impermeable plastic during bath; (V) fundamental cooperation of all unit members. No preferential site of insertion was recommended.
PVPI was used to prepare the skin for insertion in pre-interventional and post-intervention phases, because chlorexidine was not standardized in the hospital during the study period.
Definition
CVC-AI were defined according to the CDC criteria of 1988. 19 Exit site infections were defined as erythema, tenderness, induration or purulence affecting 2 cm of the skin at the exit site of the catheter. Primary bloodstream infections were defined as bacteraemia (or fungaemia), for which there was no documented distal source, and included infections resulting from insertion of a central intravenous line. he infection was categorized either as microbiologically documented or as clinical sepsis.
Infections were regarded as ICU acquired infections if they occurred during PICU stay or within 48 hours of discharge from the unit.
The presence of bacteremia was defined as the isolation of a pathogen from a blood culture of a patient with symptoms suggestive of infection. For patients with blood cultures from which coagulase-negative staphylococci were isolated, diagnosis of bacteremia required at least two positive blood cultures growing the same organism; for patients with clear evidence of sepsis and no other explanation for their symptoms except isolation of coagulase-negative staphylococci from a blood culture, a single positive blood culture result was considered sufficient for the diagnosis of bacteremia.
Patients having only totally implantable ports or hemodialysis catheters were excluded from the analyses.
Analysis data
Data were analyzed using STATA Version 7.0. The incidence rate of CVC-ABSI, CVC-site insertion and CVC-AI was calculated and the relative risk (RR) in the postinterventional period compared with the pre-interventional period was determined. A 95% confidence interval (CI) that did not include 1 and p-values < 0.05 were considered statistically significant.
RESULTS
During the study period, 255 patients and 2,954 patientdays were screened. Patient characteristics are shown in Tables 1 and 2 .
Pre-interventional and post-interventional groups were homogenous for the baseline variables studied, except for the use of immunosuppressive agents. In post-hoc analyses of risk factors for CVC-AI, immunosuppressive agents were not found to be a risk factor.
The rates of nosocomial infection (NI) were 44.4 NI/1,000 patient-days, 33.2 NI/1,000 patient-days and 38.2 NI/1,000 patient-days, during pre-intervention, intervention and post-intervention phases, respectively.
Two hundred and thirty-five CVC and 1,861 central venous catheter-days were evaluated, of which 18.7% had at least one associated infection. Device utilization was 63%, without any significant changes during the study.
We identiied 44 CVC-associated infections during pre-intervention and post-intervention phases. Table 3 . Ater the intervention the density of CVC-AI dropped to 47% (p = 0.051).
The distribution of pathogens was not different when comparing pre-and post-interventional phases (Table 4) . Coagulase-negative Staphylococcus (CNS) was the most common pathogen identified. Gram-negative microorganisms were the most prevalent in the unit.
No changes in the unit characteristics were observed throughout the study period. 
DISCUSSION
Educational intervention is recommended by the BSI-CVC guidelines of the Infectious Disease Society of America to reduce CVC-BSI rates. Apart from the fact that the literature shows an important drop in CVC-AI rates ater implementation of educational programs in adults ICU, [13] [14] [15] [16] there is little information concerning PICU. his innovative study demonstrates the importance of an educational program as a tool to decrease CVC-AI in PICU. he decrease in CVC-AI seen in our study is similar to the 40% to 60% decrease obtained in adult ICUs using a similar approach. [13] [14] [15] [16] Bhutta et al. 20 showed signiicant decreases in rates of bloodstream infections associated with catheters ater the implementation of a similar educational program. Annual rates with CVC here was no decrease in mortality and number of days spent in hospital between pre and post-intervention phases.
Decreasing the rate of CVC-AI is an important focus for quality improvement in a critical-care setting.
An important component to the success of this study was the strong support received from the medical and nursing team of the unit.
A potential limitation to this study was the use of a before and ater study design, but during the study period there was no alteration in the characteristics of the unit or in clinical or laboratory diagnosis. he patients in the pre-and postintervention period were comparable in almost all measured variables, including risk factors for CVC-AI, except for the use of immunosuppressive agents, which was greater during the pre-interventional phase. Nonetheless, we performed a risk factor analysis for CVC-AI, and the use of immunosuppressive agents was not signiicant.
Markers of changes in the caretaking process, like systematic observation of CVC insertion and care techniques as well as the care and manipulation of CVC, could not be collected. However, the profound involvement of the unit staf and the presence of a speciic professional throughout the study period probably minimized this possibility.
We developed an efective educational strategy for the unit staf at minimal cost by using evidence-based guidelines for the proper insertion and care of CVC in a PICU of a developing country hospital, which resulted in a reduction of CVC-AI rates. We believe that our indings may be applicable to other PICU.
